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lntroduction
There is increasing interest in ut i l iz ing solar
energy  to  supp lement  heat ing  and gra in  d ry ing
energy needs on the farm, Many Kentucky farm-
ers real ize that their  demands for heat and the
orientat ion of certain bui ldings on their  farms
suggest solar heat ing potent ial .  But most farmers
are not famil iar with the requirements and l imita-
t ions of solar heat ing.
This publ icat ion discusses those factors a
farmer must consider when evaluat ing the solar
potent ial  of  agr icul tural  structures on the farm.
Solar requirements are divided into two main
areas: (1) s i te requirements associated with the
bu i ld ing  and i t s  sur round ings  and (2 )  load  re -
quirements associated with the use of the heat.
Solar energy use on the farm can be both func-
t ional ly feasible and cost ef fect ive in Kentucky,
but only under a specif ic set of  c ircumstances.
Evaluating Present Buildings
Before considering any of the requirements
for solar ut i l izat ion, evaluate the condit ion of farm
bu i ld ings .  Re in fo rce  or  rep lace  sagg ing  beams,
truss members and loose roof and wal l  coverings.
This wi l l  not only maintain the overal l  strength
and usef  u l  l i fe  o f  the  bu i ld ings ,  bu t  w i l l  p resent  a
f lat ter,  more even bui lding surface to which clear
g laz ing  oro therso la rcons t ruc t ion  can be  added.
Next evaluate the heat-holding capacity of
the  bu i ld ings .  Wi th  the  cur ren t  cos t  o f  fue ls ,
bui lding mater ials and insulat ion, the f i rst  In-
vestment should be in sealing alldoors, windows
and other cracks whlch let unwanted alr infiltrate
the heated space. The second inveslment should
be insulat ion. Br inging the insulat ion in the wal ls
and cei l ing up to recommended levels wi l l  reduce
the amount of heat required, and therefore lower
the  inves tment  in  so la r  heat ing  equ ipment .
Table 1 presents the recommended insulat ion
levels for agr icul tural  bui ldings. Only after these
structural and conservation measures are taken
should solar ut i l izat ion be considered.
Site Requirements
The si te requirements that make a structure
suitable for solar ut i l izat ion include favorable
bui lding or ientat ion and shape, surface angle,
shading and distance f rom solar col lector to heat
load.
Orientation and Shape
As i l lustrated in Figure 1, dur ing the heat ing
season the sun travels across the southern sky,
w i th  i t s  lowest  pos i t ion  occur r ing  on  Dec.21 .  In
Kentucky this is about 30o above the horizon. By
June 21 ,  the  cyc le  w i l l  b r ing  the  sun to  i t s  h ighes t
angle, about 70o at solar noon. The or ientat ion of
a bui lding refers to the posit ion of the proposed
solar absorbing surface relat ive to true south.
Both the or ientat ion and the shape of a bui lding
affect the amount of solar radiat ion that can be
collected. The ideal building is rectangular in
shape with its long edge facing due south. Fortu-
nately,  a var iat ion of up to 30o from due south is
acceptable; in this case addit ional solar col lect-
ing area is used to compensate for the poor sun
ang le .
JUNE 2l /,1
, r ! - - \
\
-\ 
DE.EMBER 2l
J?
FlG. 1.-Winter and summer sun angles in Ken-
tucky, lat. 40' N.
Table 1. Recommended Insulation R-Values for Various Livestock Buildings and Farm Shopsr
Facil ity
Desired
Temperature
Range ( '  F)
R-value for -
Wal l Cei l ing Roof
Swine
Gestat ion/f in ishing (50 to 220 lbs)
Modif ied open-front
Shed with lot
Nursery (20 to 50 lb)
Farrowing (300 to 400 lb)
Bedded sol id f loor
Slotted floor
Dairy
Total covered free-stall, cold
Free-stall with lot
Stanchion
Cal f  hous ing
Hutch
Bedded stall
Raised stal l
M i lk ing  par lo r
Mi lk  house
Beef
Open shed with lot
Slotted f loor
Shops
4 5 - 8 5
Outs ide  +  15o
6 5 - 9 0
6 0 - 8 5
7 0 - 8 5
2 5 - 8 5
Outs ide  +  15o
4 5 - 8 5
Outs ide  t 15o
Outs ide  +  5o
5 5 - 8 5
4 0 - 8 5
4 0 - 8 s
Outs ide  +  15"
O u t s i d e  + ' 1 5 '
4 5 - 6 0
13
1 3
1 3
4
20
20
1 3
:
4
4
4
4
20
20
20
^
20
20
13
13
13
13
13
4-13
4-13
13 1 320
.Uninsulated.
lSource: Jones et al.,  1979.
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Surface Angle
The t i l t  ang le  o f  the  proposed so la r  co l lec t ing
su rface wi l l  determine the amou nt of  solar energy
that can be col lected. For solar systems incorpo-
rated into a structure, the decision is typical ly
between the vert ical  south wal l  area of the struc-
ture, or the roof area at a predetermined roof
s lope.  The op t imum t i l t  ang le  f rom hor izon ta l ,
s t r i c t l y  in  te rms o f  so la r  rad ia t ion  absorp t ion ,  i s
genera l l y  cons idered the  loca l  la t i tude  ang le  p lus
1 5 o .  F o r e x a m p l e ,  a t  l a t . 3 8 '  N  ( L e x i n g t o n ) ,  t h i s  i s
53  o  f  rom hor izon ta l .  Aga in ,  a  var ia t ion  o f  1  5  o -20o
f rom th is  op t imum ang le  can be  eas i l y  compen-
sated for by increasing the absorpt ion area.
In most cases, other considerat ions, such as
summer overheat ing, ease of construct ion and
weatherab i l i t y  w i l l  de termine  where  the  so la r
energy  is  co l lec ted .  Natura l l y ,  each sys tem
should be evaluated for i ts own advantages and
l iab i l i t ies ,  bu t  the  ind iv idua l  i s  encouraged to
consider the vert icalsouth wal larea f i rst  forsolar
construction, and the roof area as a secondary
locat ion. The advantages of the south wal l  loca-
t ion  inc lude:  (1 )  na tura l  summer  shad ing  w i th  a
suff ic ient roof overhang (see Figure 2);  (2) less
r isk of rainwater leakage; and (3) ease of instal la-
t ion with appropriate scaffolding.
FlG. 2.-Shading of vert ical  col lector.
Shading
Determine whether  t rees ,  bu i ld ings ,  g ra in
structures or other tal l  objects are tar enough
from the proposed solar col lect ing surface that
the  lowest  sun ang le  o f  30 '  w i l l  no t  cas t  a  shadow
on the surface. As a rough est imate in Kentucky
( lat .  38" N) the distance from ihe solar surface to
any object south of the surface should be at least
1.75 t imes the height of  that object (see Figure 3).
Natural ly,  tal l  narrow objects wi l l  not present
as much of a problem as wide objects.  Trees that
shed their  leaves during the heat ing season need
FlG. 3.-Overhead view showing area to evaluate
for shading from nearby objects.
not be removed f rom the si te.  The shadow cast by
a bare tree should not reduce the col lected solar
rad ia t ion  s ign i f i can t ly ,  and in  the  summer  the
leaves wi l l  help shade the col lect ion surface to
prevent overheat ing.
Distance to Load
The locat ion of the load and i ts distance f rom
the solar col  lect i  ng su r face wi |  |  have a g reat ef fect
on  so la r  feas ib i l i t y .  Obv ious ly ,  the  c loser  the  load
is  to  the  co l lec t ion  po in t  the  fewer  the  losses .  A
praclical maximum distance from collector to
load is 100 feet.  Unless the farmer is considering
new cons t ruc t ion ,  th is  d is tance is  usua l ly  f i xed .
But  in  cer ta in  s i tua t ions  the  uses  o f  the  bu i ld ing
may be rearranged to reduce this distance. By
placing the operat ion with the greatest heat
demand closest to the solar col lect ing system,
losses in transport ing the heat to the load can be
reduced.  An example  o f  th is  wou ld  be  a  fa r row-
to - f  in ish  swine  bu i ld ing  in  wh ich  the  area  hous ing
the youngest pigs could be moved to the south-
ern  s ide  o f  the  bu i ld ing  to  u t i l i ze  co l lec ted  so la r
radiat ion.
One al ternat ive is a portable solar col lector,
tha t  can  be  used fo r  mu l t ip le  app l i ca t ions  on  the
farmstead throughout the year.  In certain si tua-
t ions this may be a cost ef fect ive solut ion, but
there are several  considerat ions to this type of
system.
1. To have a noticeable effect, the collector
must have at least 200 square feet of collection
area. The wind resistance presented by this area
must be taken into consideration.
2. A portable framework must be built, add-
ing to the cost of the system.
3. Additional insulation must be added to the
back of the collector to reduce heat loss from this
exposed area.
4. Ducts which bring heat lrom the collector to
the building add to lhe cosl and present more
exposed area for heat loss.
The individualshould real ize that i f  the portable
col lector costs twice that of  a bu i l t - in system i t  must
have at least double the effect ive hours of use of a
bui l t - in system to show any advantage.
Load Requirements
The load requirements of any farming opera:
t ion or enterpr ise are the quant i ty of heat needed
and the temperature at which that heat must be
del ivered. The most eff ic ient and least expensive
solar system for any appl icat ion matches the tem-
perature output of the solar col lector design to the
temperature demand of the load.
Solar col lectors which ut i l ize air ,  rather than
water, as the heat transfer medium, are recom-
mended for most agr icul tural  appl icat ions. This
e l im ina tes  the  need fo r  heat  exchangers  and
reduces the r isk of damage due to leaks and f  reezing
in  the  sys tem.  The op t imum co l lec to r  des ign  is
determined by ident i fy ing the heat load require-
ments  in  te rms o f  min imum usab le  tempera ture  and
air f low rate. (Referto Universi tyof Kentucky Exten-
sion publ icat ion AEES-3, Air-Type Solar Col lectors
for Agricultural and Residential Use.)
In addit ion to temperature and air f low require-
ments, the total  number of heat ing hours must be
suff ic ient hat the investment in solar construct ion
is  pa id  fo r  w i th  fue l  sav ings .
As an example, several  art ic les have appeared
in  popu lar  magaz ines  descr ib ing  so la r  sys tems
used to  heat  fa rm shops.  A l though th is  i s  a  v iab le
use for solar heat ing on farms, one must consider
the  amount  o f  t ime spent  in  the  shop and the  do l la rs
spent on heat ing. Solar heat ing is most economi-
cally feasible for applications which require heat
over a major port ion of the year,  or where the solar
heating system can be utilized for more than one
appl ical ion. The major appl icat ions to consider are
preheat ing  o f  ven t i la t ion  a i r ,  g ra in  d ry ing  and space
heat ing.
Preheating of Venlilation Air
The operat ion of a total ly enclosed animal
conf inement  bu i ld ing  requ i res  a  cont inuous  a i r
exchange to remove moisture and odors. In an
insu la ted  bu i ld ing  the  heat  los t  th rough vent i la t ion
is a major port ion of the heat ing load for the
bu i ld ing .  By  des ign ing  the  appropr ia te  so la r  energy
col lect ion system, makeup air  can be preheated
before  i t  en ters  the  bu i ld ing ,  s ign i f i can t ly  reduc ing
the supplemental  heat needed to maintain tempera-
tu res  in  the  bu i ld ing .
Because outside air  is normal ly used for make-
up a i r ,  any  improvement  in  tempera ture  over  ambi -
ent condit ions represents a heat savings for the
bu i ld ing .  A lso ,  the  so la r  p reheat ing  sys tem wi l l  have
a benef ic ial  ef fect dur ing hazy and part ly c loudy
days when solar radiat ion levels are low. Because of
these advantages, the solar preheating system is
recommended as a first consideration for solar
appl icat ion.
Solar Grain Drying in Kentucky
Several  art ic les in the popular press describe
so la rco l lec t ion  sys tems,  incorpora ted  in to  the  wa l ls
or roofs of agr icul tural  structures, that heat air  for
drying grain. Most of these systems are located in
states to the north or west of Kentucky, and are
des igned fo r  low tempera tures  (1o  to  10oF above
outside air  temperature).  These systems dry the
gra in  s lowly  over  a  per iod  o f  weeks  us ing  warm a i r .
In Kentucky, and farthersouth, the outside tempera-
tu re  and re la t i ve  humid i ty  dur ing  the  harves t -d ry ing
season are  typ ica l l y  h igher  than in  nor thern  and
western states. As a result ,  grain must be dr ied to a
sa fe  mois tu re  conten t  in  a  shor te r  per iod  o f  t ime to
reduce grain spoi lage, mold growth and af latoxin
formation. (See Universi ty of Kentucky Extension
publ icat ion AEN-23, Low Temperature Drying-
Use and Limitations.)
The t ime constraints imposed by the weather
cond i t ions  in  Kentucky  pu t  cer ta in  l im i ta t ions  on
the operat ion and management of a solar grain
dry ing  sys tem,  bu t  they  do  no t  comple te ly  e l im ina te
i ts feasibi l i ty.  By using the solar system to preheat
the source air  for grain drying before i t  enters the
convent ional heater-fan unit ,  a substant ial  amount
of energy can be saved. l f  the col lector can be bui l t
as  an  in tegra l  par t  o f  a  new bu i ld ing ,  and i f  i t  can  be
used for other purposes, preheat ing air  for grain
drying with a solar system could be worthwhi le.
The major  cons idera t ions  in  so la r  g ra in  d ry ing
inc lude the  fo l low ing :
1. Solar assisted grain drying should be viewed
as an alternate or off-season application lor a
proposed solar system. Currently it is not cost
effective to build a solarsystem to be used solely for
grain drying in Kentucky.
2. Due to the variability of weather and the need
to dry grain rapidly, solar heat should not be relied
upon as the primary heat source for drying the
grain.
3. When using the exist ing fan to pul l  air
through a solar system and into the bin, make sure
lhis added resistance does not overload fan
capacity.
Space Heating
The th i rd  app l i ca t ion  o f  so la r  energy  is  space
heat ing .  Th is  app l ies  to  bu i ld ings  on  the farm where
heat ing  is  requ i red ,  bu t  no  an imals  a re  housed,  so
constant mechanical  vent i lat ion is not necessary;
for example, farm shops. Unl ike preheated vent i la-
t ion air  appl icat ions, these solar systems wi l l  requ ire
a specif ic level of  solar radiat ion before air  at  a
usable temperature can be obtained from the
system. Because of these l imitat ions, using solar
energy  fo r  space heat ing  a  fa rm bu i ld ing ,  un less  i t  i s
the farm residence, is typical ly not economical ly
feasible. l t  should be viewed as another off-season
use for the proposed solar system.
Summary
The use o f  so la r  energy  to  supp lement  o r
replace heat ing needs on the farm is l imited to a
soecif ic set of  condit ions that are divided into two
types: si te requirements and load requirements. By
eva lua t ing  bo th  the  bu i ld ing  to  wh ich  so la r  con-
s t ruc t ion  can be  added and the  load fo r  wh ich  the
heat  w i l l  be  used.  the  fa rmercan de termine whether
using this renewable energy source on the farm is
mechan ica l l y  and economica l l y  p rac t ica l .
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